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(57) Abstract 

The present invention provides a method and apparatus for adaptive processing in a communication system receiver. The 
adaptive processing facifitates povy^er savings and permits enhanced performance when necessary. This extends a receiver's 
operation time in recovers that operate on batteries, such as in cordless telephones or cellular telephones. A receiver adopting 
the prihqples of tlie present invention evaluates the characteristics and dynamics of an incoming signal, and based on the 
quality of the incorining signal, adjusts various aspects of the receiver such as the on-time correlators and analog to digital 
converters, the timing circuits, the despread equalizers, and the combiner. If the receiver comprises a receiver operation in 
accordance with GSM, the receiver may cycle the MLSE detection algorithms or cross correlation may be done over fewer data 
symbols. 

(57) Abr6g6 

La pr^ente invention concerne un proc^dS et un appareil permettant un traitement adaptatif au niveau d'un r^cepteur de syst^me 
de communication. Ce traitement adaptatif favorise I'^cpnomie d'^lectricit^, et permettant un rendement en cas de besoin. Cela 
prolohge le teipnips, de fonctionnement du r^cepteur dans le cas des r^cepteurs d piles ou accumulateurs, notamment les t^^phones 
sans fil ou les t6l6phones portat)les. Un r^epteur adoptiant les principes de la pr^sente invention commence par ^valuer tes 
caract^ristiques et la dynamique d*un signal en entree. Consid^rant la quality du signal entrant, le r^cepteur adapte certains 
paramdtres du r^cepteur tels que les corr^lateurs de synchronisation et les num^riseurs, les circuits de temporisation. et les 
comblneursV Si le r^cepteur est pr^vu pour fonctionner selon les normes GSM, le r^cepteur peut mettre en boucle les algorithmes 
de detection MLSE ou faire une correlation croi^e sur un ncmibre moins §leve de symboles de donn^es. 
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(54) Tide: ADAPTIVE WIRELESS COMMUNICATION RECEIVER 




(57) Abstract 

The present invention provides a method and apparatus for adaptive processing in a communication system receiver. *nie adaptive 
processing facilitates power savings and permits enhanced perfonmanpe when necessary. This extends a receiver's operation time in rsoeivers 
that opentt m txitteries, such as In cordless telephones or cellular telephones. A receiver adopting the principles of the prcseru invention 
evaluates the characteristics and dynamics of an thcbming sighal, and based on the quality of the incoming signal, adjusts various aspects of 
the receiver such as the on-time correlators and analog to digital conveiters, the timing circuits, desprcad equalizers, and the combiner. 
If the receiver comprises a receiver operation in aocordanoe with GSM. the receiver may cycle die MLSE detection algorithms or cross 
conrelution nuy be done over fewer data symbols. 
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ADAPTIVE WIREUSS COMMUNICATIOH RECEIVB) 

Refdof Imrention 

The present hventton relates to the fietd of wirdess convnunicatton and in particular to an adaptiva isceivar. 
B8Cl(QroundofthfllnvgttiDn 

The fietd off wrelass c oj iiii ui i itat ions b rapidly expanditg. bt particular. ceSular convnuracation systems ara 
Qxperiencfig phenomenal growth. Ukewisef cordless tBlaphones are in widespread use. 

Each mobila statioa whether a cordless or ceBular telephone* operates using power suppfied by an associated 
battery. Each molttle station continually draws powv from the battery wh3e in stancOty mode or duruig an active 
conmunication fink. The mobile unit draws the most power during periods of en active communication fink. In particular, 
the lecehnr, wMch is responsible for obtaintr^ fihering, decodtng and synthesizing the incoming signal^ comprises a targe 
percentage of total mobte unit power usage during an active commumcation fink. This b especially true whsi tiie 
commumcation system comprises a modern ceSular system, such as Global System for Mob3e Communication (GSM) or a 
system adopting Code Oivbion Muttipte Access (COMA) tecfaraqtos. Modem commiraution systems adopt these complex 
coifing schemes to increase both system capacity and voice quefity. 

Summary of tfw hwention 

As known n the art these complex coding end decoifing schemes remein on or fixed during the duation of the 
communicatkfft Bnk. Maintaining these complex coifing end fBtering schemes b desirBUe wfien the signal QuaSty b poor, 
however, tiiese schemes needbssly constme valuable power resources during periods of better or ideal channal quaSty. In 
addtion. if the s^nal quaTay degrades below a tolerable tiveshokl tiiesa fixed receiver erctutectures result in dropped eels. 

WUle advances in battery technotogy now provide more robust power sources, there sii exbts e need for a 
mobde station receiver having reduced power coratinptiart In wfaStiont there b a need to provide more advanced 
processing in times of very tow signal quefity. 

Tha prassnt invention provides an adaptive wireless receiver which reduces power consumption in a receivBr of a 
mobie station and/or increases performance. Redudng power consuntption in a mofailB station increases the duration of 
time the molde station may remain in standby mode or maintain an active communication fink. Increasing pei foim ance 
provkles better quality eiul fewer dropped ceBs, 

fai puitiuta tha systam and method generdly comprises dynamicdly adjusting receiver operation in response to 
s^nal quality. 

One aspect of the present inventioa involves a potm irtintion control system for a wireless commun^tion 
device. The system hss a signal properties evaktation nxxkde operative to evekista tha characteristics of a received signsL 
Hv module b cunHgured to provide an nficatioR of tha characterbtics. At least om receiver component for tin wirriess 
communication devbe has at least two modes of operation and b responshre to tha ngnal properties evatostion module to 
operata in at least one of the at least two modes of operation, teed upon the characteristics. In one embodhienc the 
SQnal properties evakiatkn modiie b implemented uung a digital aignal processor. Preferably, tha signal properties 
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evahiation module is configured to wduats any signal dynamics such as signal notss (erals or signal strength. In one 
enibodntentr the wireless commurications device operates In accordance with code ifivision nwdtiple access protocols. 

In one embodinent at least one recem component is enalog to digital converter confQured to convert the 
received signal in an analog format to a received signal in a digital format In this embodiment the first mode involves 
operation at a firft precision rod the second mode imwlves operation « a second pr^ In this embwfiment the power 
utSization control system further involves an analog to diglta] converter control module responsive to the signal properties 
evahiation module to select the precision of the at least one analog to digital converter based upon the indication of signal 
characteristics. Advantageously, the enatog to (^ital converter control module is configured to select a lower bit precision 
for the at least one analog to dtgital converter when the signal b of generally high quality. 

In another erobo(fiment the at least one recehrer componsm comprises a timing estinator lesponsivB to the 
indication of the characteristics from the signal properties eraluation moduta to alter timing estfrnation operation based 
upon the bidication of signal characteristic. Advantageously, the timing estinator responds to the mdication of the signal 
characteristics via a tirrang control onit to modify one or mora of the timing estimator typa operation duty cycl^ and 
bandwhltiL The timing estimator may comprise a delay-teck-IOQp. 

In one embodiment the at least one receiver component comprises a phiraity of daspread modutes responshm to 
tiie inification of tiie characteristics from tin signal properties evabstion module to aiQust operation based upon the 
indication of signal characteristics. Advantageously, tiie despread modules respond to tiie inification of the signal 
characteristics via a control unit to adapt one or more of tin operation duty cyde or tap spacing in response to tiie 
indicatiim of signal characteristics. 

ht yet anotiier embodbnent at tiie least one receiver component comprises at leest one equalizer responshre to 
the inification of SQnai charactvistics from tin signal properties evaluation module to change its operation based upon the 
iototion of signal characteristics. Preferably, the equafsff ahers one or more of its duty cycle or complexity of operation 
based Bpoa tta Mcation of signal quality. 

to stii anotinr embodimant tin at least one receiver component comprises at least one conrelator responsive to 
the iKfication of signal characteristics to operate in eitinr tin first or tin second mode. Advantageously, tin first mode 
comprises operation at a fnt precision end tiie second mode comprises operation at a second precision. The first mode of 
oinration may fnrtiur Mida a first duty cycle for tiie correlator and tin second mode of opffation comprises a second 
duty cycle for tin at least one correlator. 

to ttifl anotinr tmbodnnnt the signal properties evaluation module provides tiie indnation of characteristics via 
a control modula. Thus, m one embodiment where tin at least one recehrerconvonem comprises a pluraityd 
tin control module suspends operation of one or more of tin pkireity of correlators during periods when tin signil is of 
relatively good quafity. 

to mtther emboi&nent tin at least one racehrer component comprises a signal combiner responshre to tin 
indication of signal charsteristsi from the signal properties tvaluatioo modide to alter operation of tin cambsnr based 
npon the Imfication of signal characteristics. Advantageously, the at least two modes comprise at least first and second 
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modes, wherein in the first moda the combinef operates in sccordaKe with e first processing dgoiithm end in the second 
ffloda, the signal cartoflf operates In accordance with a second piocessinQ algofithni In one embodiment the first 
olgorithm comprises a more compiex algorithm than the second elgoHthm. 

bi another embotSment tJa it bast one receiver component conpriscs a frequency estimation module, and 
wherein the at least two modes con^iisa at least first and second modes, selected in response to the indicetion of the 
signichOTCteristicsfrOT the s^ properties evaluation module, ftaforaiily, the at least two modes involve at least two 
algorithms having a difference in one or more of the processing precision, filter type, processing rate, or duty cycle, hi a 
specific embodknent. the frequency esthation module responds to a demodulated pflot signal and to damodotated dewed 
stgnats from users other than the intended receim. 

Another aspect of tha present invention involves a method of reducing power consumptioa in a wifeless 
comnunication recaivBr having a plurality of recehrer components comprising receiving a signal, moritoiing the 
characteristics of the incoming signal evahiating the quality of the incoming signal based on the characteristics and 
attsring the operation of at least one of the receiver components based upon the evaluated quaBty of the incoming signal 
Preferably, the at least one of the receiver components comprises an analog to dgital converter. In one emfaodsnent. 
evriuating the quaBty of the incoming signal cornprises detemining the proper precision setting for the one or more an^ 
to difptal converters. For instance, altering tha operation of tha analog to digital converter may comprise altering tha 
precision of the enalog to dgital conveftar. More specifically, altariig the precision of the analog to (figitat converter 
OBmpiisessttofeig the precision between 5 bits snd2or3bits.mtfaepres»ttembo(fiment 

bi one embotfiment monitoiing the characteristics of the incoming signal comprises monitoring any one or more 
20 of signd dynanocs, signal ooisei sigmd bvet bit error ratai or frame error rate. In one embodbnent. the method b 
wplamOTted in ecMifli Minica t io n receiver operatfag in accordance whfa 

bi another emboifment tha step of altering the operation of at least one of the recehrer componenu comprises 
aitustmg the operation of a signal timing estimator. Advantageously, the step of edjusting operation comprises reikicing 
35 the duty cycte of the tinvng estimator and/or a^usting the fihar properties of a ti^ In this embocSment, the 

25 monitorvig the signal comprises monitoring eny of signal dynamics, signal noise, and signal level fai a prefaiTed 

embodiment the signd tinoing estimator comprises at least one delay lock loop. 

In yat another emboifiment the step of altering the operation of at least one of the receiver components 
^ coraprisas etoing the operation of an aqoafzer for an incoming signal, tha method further comprising tha steps of 

evehtating infonnation reganfing the characteristics of en incoming signal and modHying the complexity of equafizn 
30 elgorithms for the equalizer based upon the evabation. 

In another embo*nent the step of altering tha operation of at bast one of tiw receiver components comprises 
^ ritering the operatkn of at bast one correlator based upon the evaluation of tte The step of alterrq tiie 

operation of at bast one conretotor advantagcmBly comprises modifying the symbol frequency of operation of tiw 
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tn yet another emtmifmsnt thi step of altering the operation ol st least one of the receivef components 
comprises altering the operation of a signal comlanar in response to the step of evaluating the quafty of the inconwig 
signal Preferably, the step of attirino the operation of a signal combine comprisas seiecting one of at least two 
algorithms operable with the continer. 

fai stSI another embodiment the step of aftering the operation of at least one of tha receiver components 
comprises ahering the operation of a frequency estimBtorinresponsetothestepof evaluating the quafity of the Incoming 
stgnd. Advantageously, the step of altering the operation of a frequency estinator corapiisas selecting an algorithm from 
at least two algorithms operable for the frequency estimator. Bther in combnation. or separately, the step of altering the 
operation of the frequency estimator comprises selecting e precision for the frequency estimator and controling active 
periods for the frequency estimator. 

Yet another aspect of the present invention awohres an adaptive signal synchroniation apparatus for a wireless 
receiver. The apparatus has a timing estimator, a signat properties evaluation module responsive to signal characteristics 
to evahiate an incoming signal, and a timing corttral module responshre to tiw signal properties evahiation module to control 
the operation of the timing estimator. 

In one embodinent, the tining estimator includes at least one delay lock loop. Advantagemisly, the timing 
control unit is configursd to adapt the percemage of time tiiat tiie tinsig estinator operates and/or tap spacing of the 
timsig estimator. 

In one embotfimeit the timing estinator. tiie signal properties evaluation moduta and tiie tining control module 
are operative in dicptal signal process^. 

bi one embodiment, the adaptive signal synchronizatmn hirther has a pluraity of daspread mocfcdes responswt to 
an ndication of signal characteri sti cs from die signal properties evaluatkm module to adjust operation of despread modules. 

Yet enotiwr aspect of the presoit invention involves an adaptive equalize system for a wirrfess recawer 
con^rtsing en equafizer operable tn at least tvro modes to perform equafeation on an incoming sign^ a signal properties 
evahetion module responsive to signal characteristics to evaluate an incoming signai and an equate controller responsive 
to the signal properties evaluation module to select between tin at least first and second modes. 

In one cmboduncnt one or more of tha equafizer controfler and the signal properties evaluation modide b 
embodiBd in a iSgital signd processor, tn one emboifiment tiie sQnal properties evaluation module receives a phraity of 
characteristics of en incommg signal and responds to such charactarotics to develop equafser operating parameters, fai 
ona'embotfiment tin at least first and second modes of operation comprise a firn modem operates n 

accordance with a first algorithm and a second mode wherein the equaizer operates in accordance witii e second algoritim 
winch is different fmffltiia first a^oi^ to one emb«Smem.tiiareceivBr comprises a wireless comnnadcationrecehw 
a vnrriesseommtiucation system. Advantageously, tiie equalizer bconfigired to compensate for time detays intra 
a signal transmitted over a wireless medun. 

Yet another aspect of tfie presort inwrntonwohres a metftod for adaptive operation of an equato in a racehre^ 
conqirising receivsqi. equafizing and demoduiatng an incoming signal, evahiating tiia quality of the toning signat and 
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adapting th.op«Btion Of an eqittfizerb^ In one embodimem. ttm step d adiirtino 

operation of m equaTaer comprises shotting off the etiuato when the evahiating indicatBS the signal is of generaly Wgh 
quafitY. In one embwfinwit the step of edaptirq the operation of an equaiier comprises reducing tha eoniiutational 
cofTvleihy of the equaHw when the ewhiating imfeates the incoming signal is of generafly high quafity. Advantageouslv, 
the step of waluating convrises evaluating «iv of «^ 

rata In one embotfimani, tha step of evaluating comprises detemining tha rate of change of the signal characteristics over 
time. 

Sta another aspect of the present invention involves an adsptivo combiner for e recehrar comprising at least two 
correlators confflured to racehfe an incoming signal, a combiner coiqdBd to the at least two corrclatort a signal propenies 
evaluatxin module responsive to characteristia of a received signal to provide on indication of the properties of an 
inconvng signal, and a combto ewitrol modide coupled to the combiner and responsive to the iwfication of sgna) 
characteristics from the signal properties evaluation modJe to alter operetion of the combhwr based upon the imfication of 
the signal characteristics. In one embodment the comhinar control module is f urth^ coupled to at bast one of the at least 
two combiners, the combiner comrol module configured to provide a control signal to at least one of the at least two 
combiners to aher the opOTtion of at least one of the at toast two combiners^ In one embodiment at least one of the 
correlator, the combinBr, the signal properties evahiation module and the combiner control module is embo&d lang a 
(SgitdBgnal processor. In one embodinent the combiner comprises part of a wireless cornmri^ 

Yet another aspect of the present invemion imnilves a method of adaptive control in a rocoivw compr»ng 
receivvv an incoming radio signal correlating at least portions of the taming signd combining tiie portions of tha 
incoming sgwl evaluating the quafity of the incoming signal, ^ 
tarmigsignaL to cne embotSmem, the step of combining may proceed in accordance wH^ 
operation, the fiRt ami second mode operating in accordance wfith ififferent algoritims for tfie combiNng step, the 
comrol&ig comprising changing the mode. Advantagemisly, tiie algorithms differ in the manner of parammer estimato 
35 used m the step of combning. in one embodiment the step of evaluating comprises evahiating one or more of th^ 

25 dynarics. signal noise, signal leveL bit error ratio, and frame error ratio. 

Yet amrther aspect of the present hvention invohfos a method for reducing power consimption m a receiver 
operating in accordance with eny TDMA System, sudi as Qobal System for MobBe Commuriutions comprising receiving a 
^ radio signd. evaluating signal dynanha of the radio signel, and ahermg • range of delays in a correlator based on the signd 

dynmcs. in one emboriment the step of evaluating comprises monhoring in a timing^ 
30 overtm. h one embodment the step of altering e range of delays comprises redu^ 

i^isdateraariedtobegeneraBystahlBbasBdontiasignaldynanto^ Preferably, generely stable comprises a low rate 
of charge over time or a signel wherein the signri does not damonstrata rapid ti^ 

embodiment redoceig the range of delays comprises perlcmung cress-correlation every ±2 data symbols. In one 
embodhnait tie ctep of evAating coiiprises monitoring ih^ 
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5 tiQndL to one embwSraflnt, the ftapdiftfifino I range of delays comprises 

dynamics hulCBts that the ratfio sgaai is generalY unstable based on Mgh agnal dynanttcs. 

Stai a further aspect of the present invention involves an adaptive correlator for a comnuuxcations imver 
configwed to receive an incoming signal conprismg a correlation unit configured to omipars the incoming signal to a 
10 5 bxmm timing sequence, a timing recovery unit connected to the correlation unit the tining recovery unit configured to 

evatuatetbe tkningof tha incoming signal end a correlator conirolarconnacted to both of the tining recw wit and the 
correlation unit tbe corrdatton controOer configured to adapt the operation of the correlation unit based on the evaluation 
by the timing recovery unit In one embedment correlatof controller is configured to adapt the operation of thacoff^^ 
tinh to reduce the number of symbols over wlsdi the correlation unit operatei Advantageously, the timing recovery urat b 
10 configored to detemsne the change in tining of tbe ncoming signal over time, end the correlator unit is configired to 
perform e cross-correlation between the recehred signal and a known training sequence. In ora cmboifiment the 
convmimcations receiver operates in accordance with the principles of a Globai System For Mofafle Communications. 

Yet another aspect of the present nvention nvolves e method of edaptive control in a recehrer utizing ML5E 
algorithms comprismg receiving a signal nuuiitoring the level of the signal manjtoring the response of the incoming signal 
15 to e filtv, and suspendiig operation of the MLSE algorithms when the signal level is high end the response to the filter 
indicates a generaBy dear channel. In one embo(fiment a high signal level comprises a signal having level generaBy near tbe 
maiimin signal level Advantageously, monitoring the level comprises monitanng the output of a signal level estinator. 
and monitoring the response comprises monftoriig tha response of the mcvning signal to e metched fiter. bi one 
emboifiment e generally dear channel comprises a respoose to the filter generefly resembfeig a impulse. Preferably, 
20 sBspending^iaSE dgvitlvn comprises lepbcing the MLSE dgoritfam wHh a MSK demodulator. In one embodinent tbe 
MSK demodulatn comprises e bit-fay-bit MSK demoddetor. 

Another aspect of tbe present invention nvdves an adaptive MLSE datector comprising a signal tevd estimator 
reqxmsiva to an ncoming signd to detarmine the signal tevd of the incoming signal a filter configured to fitter the 
35 incoming signal a MLSE detector configured to obtaii viput from the liter, the MLSE detector configured to compute 

25 signal |irobabi&ty, and a MLSE controQer coupled to the signd tevd estimator, the fitter end the MLSE detector the MLSE 
controller configured to evaluate output from the signd level estinator and the filter and. based on the evehietion, control 
ifaa cpoitiaD of the AILSE detector. Advantageously, the f9ter comprises e matched filter end the MLSE contrdlar is 
^ cimfigured to suspend operation of iOSE dgorithms when the signd tevd estimator ndcates the signd is generdiy 

high and the response to the signd is generaly an rnpube. In one andradimem, the MLSE contrdler is confined such 
30 that when the MLSE dgorithms are suspended, the MSK demoddation occurs. Preferably, contrd of the operation 
invdves reducing the power consumption. 
^ Brief Descrimion of the Drawiws 

Figure 1 is a Uock ifiagram of wireless communication system recdver. 

Figure 2 iflustrates the front end of e (Sgitd communication receiver with analog to ifigitd converters 
35 ncorporetingsignd quality feedback. 
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^ Hgure 3 Sustrates a timing estiraator ncorperating signal quafity feedback. 

Hgure 4 Sustratas equaToer incoiporatmg signal properties f ee(fliadc 

Figure 5 iustratas a baste Uock diagram of a cambiner having ffifaptive perf oimanca. 

Figure 6 Oustratss a block diagram of a wirelass convnanicatiQn receiver in a Clobal System for Mobie 

10 5 Convnunications. 

Figin 7 iBustrates a frequency estimation bbck diagram for an adaptive frequency estimator. 

Detailed DescrintiBn of thi; Pyef flmid Embodtnentt 
Hgure 1 iBustrates the basic components of a wireless communicBtion system receiver u embocfiad in a celkiar 
15 telephone communication recehrw adopting coda dwison muttiple access (CDMAJ. Modem celular communication systems 

10 generafly comprisa a pknfity of base stations and mobaa stations. Both of the base station and a mobila station 
incorporata a communication receiver. The present invention focuses on a system and method of reducing power 
consumption of a battery powered mobile stetion communication receiver and also, improving performance when 
necessary. The base stations are typicaSy wwd to a land based power source. For purposes of explanatioa a general 
overview of a receiver in one preferred emboftnent is provided below. In general the recervw comprises an antenna 110 
1 5 coupled to a rad» frequency (RF) subsystems module 1 1 2. This modtie 1 U provides two outputs (t,Q) to anakig-to^gKal 
(A/D) convertffs 114. 116. Each of the A/D converters 114, 116 connects to signal estimator m a tining estimator 

25 

122, a data (temodulator 124, and a phase and frequency estimator 12a b» turn, the output of the timing estimator 122 
end the phase end frequemiy estmater 128 coiqila to ii^uts of the data demoddator 124. Tha output of the data 
demodulator 124 couples to e vocoder 132 and a signal properties evahiation module 130. The vocoder's output cmqiles 
20 to a cottoc 134 and tha signal properties evaluatitm module 130. Tha output of tiie codec 134 couples to an ampStied 

30 

speaker 136 for audb reproduction. 

In operation the antenna 110 convertt arriving radki frequency signab to etectrical signaU for the radio 
frequency (RR subsystems module 112. The RF subsystems module 112 arapfifias tire incoming signal before perfonning 
35 frequency translation and band pass fitering on tin signal The RF subsystem provides tfia in-phase (I) and quadrature- 

25 phase (Q) portions of tiie incoming signal to A/D converters 1 14, 1 IB. The A/D comrarters 114,118 comrert tiie incoming 
analog sign^ to a digital format Conventionally, ti>e A/D converters 114,118 are configured witii a predetermeied 

pmtsion for the conversion processL 
40 The sqpiabexitii«lba A/D converters n4,1 16 enter tiie signal estimator 120, a tir^ 

end frequency estimalnr 126, end a data demodrfator 124. The output of the timing estimator 122, and phase and 
30 frequency estimator 126 connect to tita data demodulator 124 to provide data necessary for tite demodulation and 
decoding of tiie voice sigoaL 

^ The thing estimator 122 determines tite timiig of tfie signal in relation to a synchroniiation signal to obtain 

signal aligmnent durmg decodmg and demodulatioa In one preferred emboifiment, tiie timing estimator 122 comprises a 
delay lock loop (DLU which is described in more detaD befew in conjunction witii Figure 3. 
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The phase on) fmqoency estimstor 126 iletennnes the phaa and frequency of the incamino stpial which, as 
known by those femffisr with receiver operatioa aidi in the demodulation process. 

The signal estimitor 120 detannines the signal to noise ratioi signal dynamicSr and the signal strength level and 
provides these values to the signal properties evaluation nuNlule 13a As discussed in more detail below, the signal 
5 properties evalustion module 130 uses these values for dynannc receive 

The data demodutator and decoder 124 damodutetes the signal from radio frequency 
onthssign^ In one ambodimem the coi&v comprises code dvbiontnuttipteeccessfCO^ 

The output of the data dsmodidator and decoder 124 is coupled to the signal propertias mhiation modi^ 130 
15 and the vocoder 132. The sqnal properties evaluation module 130 uses the demodulated end decoded data to estimate the 

10 bit error rale (BER) and the frama pror rate (FERl which in turn are used to further evaluate the incoming signal The 
vocoder 132 goteratly comprises en electronic speech analyzer as known in the art 

The output of tiievoader 132 is coupled to a codec 134 input As known in the art the coded 34 converts the 
^ digital signal to an analog signal. The corresponding signal exits the codec 1 34 for receipt fay a speaker 1 38 wMch aodUy 

reproduces the s^L An optional amplifier, not showa may exist between tiie codec 1 34 and the speaker 136, 
\$ OptunaOy, the signd may comprisa data kifonnation wlvch wodd not reqifira converson of the signal to an 

mdogfonnat Hence, a receiver configind to process non-voice data would lack coinp^ 
as the vocoder 132 and codec 134. 

The signal properties evaluation module 1^ provide feedback to tfie A/D converters 114, 116, tiw signal 
estknator 1 2a the timrig estimator 122, the data demodulator and decoder 1 24, and the phase and frequency estknator 
20 126 n accordance vvith various aspects of ti» present inventions order to facitatedy^ 
of tfffl receiver for changkig signal qualty andfor power reifcidion pwposas. 
Aneloo to DcTtal Cnnverters bicorpo fatnw Signal Quaitv Feedback 

Figure 2 iBustrates one emboifimem of d» present nvention. At the front end of e receiver edopting CDMA 
prmcipfais, the signal is divnied into its in^ihase Q) end quatkatureiihase (Q) eomponena Each of these respective signals 
25 entOT one of the anatog to digital converters 114,1 1 6. The analog to (figital converters 114.116 converts the mcoming 
amkq signal to a dgital representation of tiie sipnls. 

In conventional systena, the predskm of each A/D converter 114,116 bheU constat The 
40 output of the A/0 converters 114,116 couple to the other receiver subsystems 200. The receiver subsystems 200 

comprises componoitry such as tin signal estimator 1201, timiig estimator 122. data demodulator 124, and the phase and 
30 frequency estknator 126, shown n greats detafl in Rgurel. Accordiigly, the precision of the A/D converts inpacb the 
processing of the m^rity of the remaning receiver subsystems^ as depicted fat Figure 1. As explained previously n 
^ coiqunction witit Rgure 1, tiie output of tfie signal estimator 120 connectt to the signal properties evahiation modtle 13a 

The signal propvties evaluBtion modute 130 is si communicatioo with the A/D conwters via an A/D converter contnd 
modtde22a Thecontrddecisionmaduleconnectstoeachof the A/D converters 114,116. Of courses tin A/D converter 
35 control module 2Zi can be considered part of what could be combined with tie signal properties evahiation moiMe 1 3a 
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to Other words, ths contrd for th8 Am convmOT 114J1B tan be ge^^ 

module whareby the separate )UD converter ccmrd moiUe 220, which recehfes input from the signal properties evakiaiion 
module 1 30/b made up of one module or multiplB modules or combiDed with the signal properties evaluation motUe 1 m 
The independem depicto in the figuiBS of the present application is provided to f acffitate the description of the fyrtem. 

to operatioa real-tane feedback from the signal properties evahiation module 130 comroU the operating prsdston 
of the AiO converters 114,118. to particUar, the in-phase and (juadratBre ph»8 components d the incomi^ 
the A/0 eonverters 114,116. At the inception of the ccniminttation link, the precision of the A/D converters 114,116 is 
set to a first precision level, h one embM&nam. the highest precision level provkled by the A/D converten 114, 118. The 
A/D converters 114, 1 16 modify the incommg ^nal to a digital format and forward the signei to the other components of 
the receiver. One component of the recaver winch obtains tha output of the A/D converters 114.116 is the qnal 
estimator 12a which is tocorporated to figure 2 in the receivBr subsystem 200. The signal estimator 1 20 evaluates the 
dighized signal to detemnne dynamics, miisa and interferences level and the signal strength. These values are forwarded to 
signal properties evaluation module 130. 

The evaluation module 130 processes the information from the »gnal estimator 120 (and other inputs as 
depicted in figure II and arrives at a determination of the sqnal qurfty and stabifity, referred to heravi as the signal 
properties or characteristka. The signal properties are forwarded to the A/D comrerter control module 220 which 
evahotes the signd properties. Besed on the evakiation of the tocoming signal, the control module 220. wfaidi is to 
communication with tha A/D converters 114,118, fflljustt the precision IbvbI of th^ Advantageously, the 

A/D convertffs can be aijusted separately. An evaluation by the stgnai properties evakiation moAde 130 and the control 
module 220 kdicating a genaraUy staUe signal pninptt the control module to reifcica the preciston of each of the A/D 
csnverters 114,116. H signal cpiality is high enough on I or a one or the othar signals may he en^ taone 
emtoAnent when the sQnel is of high quaity the comrol module 220 reduces the precision of each or one of A/D 
converter 114,116 to four, three, or even two bitt. Reducing the precision of the A/D converters 114,116 reduces the 
power conanvticn of the receiver. Because the control modiie 220 only reduces the predawn of the A/D converters 
114,116 when the toconwg signal is of high quafity. the power consumption of the mobae station decreases without a 
compronvse to audio quafity. Because the precision of the AID converters can drasticaBy increase or decrease the total 
aasBTt of data mtiA must be processed bf the lenaining receiver components such as the signal estknator 1 2Q, the 
ttomg estimator 122, the data danodiaator and decoder 124, and the phase and frequency estinator 126, tha power 
savtogs resulting from tha reduction of precinon to the AID converten 114, 116 cen significartly impact the power 
consunptkm of the receiver. As further shown in figure t the control medulB 220 also connects to the receiver 
jdaytiOBis 200 to appropriatBly aiTjust the operatkig precision of the other aspects of the receiver, to perticular, whoi 
the contnfl modulo 220 reduces the precision (nundier of Mtsl of the A/D converters 114,116, the components which 
receivB the outpm of the A/D converters vnlaboopereta ma reduced precision If one of the I or Q signals is 
completely ifiscominuBd due to very Ngh signal quafity on tha other signal, receiver subsystems which respond to the 
particulff signrf vvhich has been dtominued wouW he completely dearth^ 
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Conversely* rf ihs evaiuatxm tnodute 130 and cont^ 
coimolmodulBficreasBSiheimiaonofeitha InttefssWonttepredwonof the 

Am converters 1 14J 16 dynamicaBy acfust depending 

Thsdagrea or percentage of power cofBumption adwved osino these principtes varte 
5 subsystems 200 CDmpooems. In one enbodinent the reduction in operafmg precision in the front end AiD converters 
114,116 can result n en overaD reduction in recehrer power consun^n of alwxrt 20 percent while degredioo signal 
quality by less than about J Db. This correlatBS to an overafi reduction in chip power usage of approximately 5% to 1 0% 
in tte present embocfiroent Furthenmire; with the reduction in power consumption during pe^ 
the same power ussgs ovr tima the precisian of the A/D converters 114. 116 can be increased diiing periods of poor 
1 0 signd quafty to enhance conununication performance without increasing the overafl power usage over tine. 
Timino Estimator htcomo fatfnn Signal Ouafitv Feedback 

Modem conruinication receivers utize some form of signal synchronization to properly track, demodidate and 
decode the inconnng signal One exampte of such a synchronization mechanism is b delay lock kop which serves to 
synchronize the Bcomoig sipial with an internal or known clock or lining signal Figure 3 Hustrates a synchraniatifln 
1 5 mechanism known as a timing estimator incorporating signal qudty feedback. 

A receiver avdudes e nunbar of despreaders 300, each coupled to a thung estimator and fiter modiie 1 22 (B.g.. 
e delay -tock-loop or DID. The outpm of the timng estimator and flternwdUe 122 connects to the data demodul^ 
shown m Bgum 1. Also shown hi Figure 3 is the signal properttes evaluatkm moduia 130 which obtains infonnatnn 
legvdkv ito mconing signd ani opoD pocassing the nlornntk^ 
2^ 20 «gni Theoulpulof the signal properties evahatkmrnodate 130 connects to a timing c^ The 

output of the signal propvties evaluation module couples to each of the despreaders 300 end the timng estimetor and 
fater module 1 22 na the timng comroi dedson irit 32a 

bi conventionel systems, the timing estimator and filter module 122. (e.g., the DLU operates constantly, and at a 
35 fixed rate of sanptag. However, n accordance with the principles of the present invantior^ the tiring estinator and filter 

25 moduia 122 can operate all the tinne.imennttently, or at a reduced rate. 

fa) tl» present embodiment, each of the despreaders 300 outputs a signal recovered from the spread spectnmi 
data transmissnn to tie tnsng tstimator and fitter module 1 22. The tining estinator and f 3ter module 1 22 receives and 
^ processes tiie despreed signets to symrhronize the signals. A tinnng signal is provkled to the demodulation unit 124 (Rgure 

II for use in demodutatkm. 

30 The signd properties evahtation modide 130 simultaneously provides information regarding tin quaity and/or 

dynamka of tiiebniraiqsvnal to the timing control dedsnn unit 3^ The timing control decision unt 320 ovaluitestia 
^ eifoinwtion descrfliiog tiie incoming signal properties and provides control information to tiie timiig estimator and fiter 

module 122 and each of tiie despreadandOa 

The timing estimator and fte module 122 and each of the despreaders 300 may alter its operatim 
35 input from the timing control deciskm module 320. For example, tia timing control decisioa modide 320 provktos datt to 
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5 tha timing estimator and fBtar 122 to thereby control the type, operatiDn duty cycter and filter picportiss, such as 

comptaxtty and bandwidth^ The Wonnation provided from tha timino contrel decixiDn unit 320 to the timino estimator 122 
changes ctepentfng on the quafity of tf>e signal The timing eitii^ 
hs operation to saw power when the incoimng signal is of tagh 

5 ngnal quality and/or high dynamics. 

More specilicaily. based on tiwtirmg error, the Da 122 can modi^ For totanca, if tha timing 

error becomes very smaB on rqratitiw samples, the duty cyde, or p8n»^ 
adapted to save power. In other words, m periods of smalerm in tiramg.tiia duty cycle of tiieOU^^ 
for less frequent operation. In times of higher liming eiror, thadutycycleofti»eDai22canba advanced for more 
frequent samping. Siraaarly, the DU type can be adjusted for batter or poorer timing error. Furthermore, tie DU type can 
ba altered during periods such as puB-in or reacquisition to provide necessary performance during these periods. For 
example, during puIHn, the DU may uiaiza four taps and then adjust the tap spacing to two wrhen tha delay is estimatad. 
Accordingly, only the processing corapbxhy necessary to maintain signal tining a requred. 

As known in the art timing estimators and assoctated filters, such as a OU, begin operation after tha initial 
signal search process occurs to aduave precisa synchroniation and tradting. The DU generally comprises a first 
correlator begniing operation early and a second correlator b^hnbig operation later h relation to the optimun saropGng 
tine. An ernjrsgnal is fnmied by taWng the difference betvwen the two ab^ A 
non-zaro error signal iraDcates that tiie tinJng rf tfia synchronizing signal is i^ 

Accordingly, the synchronization signal is eitiier retarded or advanced, depending on the sign of tfw enor. Operating this 
30 20 loop aitusts the synchronization signal 

During periods of general stabity viritii regard to ti» imaming signal the error signal b generally zero and hence 
the timing of the syndroiizaticn signal remains generally unchanged. Ahematively, when the incoming signal is genwaSy 
unstable and possesses high dynanics or interference, the error signal is generaOy non-zero end the tining estimator 122 
35 continualy evaluates and adjusts tin synchronization signal 

25 Based on the above described operation of an embodsnem of the present invention usiig a OIL the timing 

control decision unit 320 evaluates the incoming signal based on input from the signal properties evahtation unit 1 30 and 
adjusts tiw behavwr of the DU to use power efficientiy end/or provide increased refiabffity ii tines of low signal qualty. 
^ For examplB, during periods of general stabity, the timiig control dedsion unit 320 adjusts operation of tiie DLL by 

reduciq tfie duty cyde, tite conplexity and/or hamlwidtii of tha filters, afl of whidi rafcice poww consumption of the 
30 recehrer. 

The timing contrd dedsion unit 320 also provides data to tha despreaders 300 to c^ 
daspreadm Tte Womation provided from the timing contrd dedsion unit 320 to ttie despreaders 300 altera the 
operation of tiw despreadera to use power effSdentiy by redunng power usage during periods whan tha BBanong signal is 
of supoiw quafity. For example, tite control nf ormation provided to tiia despreadera 300 may alter the despreadera tap 
35 spedng to save power durmg periods whan the incoming signd is of high quafity. 
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5 tothttfastonthareceiwrinonhorstheipi^ 

estimator and later module 122 and the despreadsn 300 to reduct tha power consanption when the signal is of high 
iiuafity and geflertfty stable. Ahafnatively. during periods d poor signal quality, the oparati^ 
cost of addittfinat power consumption. 
S Eouafiger tncomoratinn Signal Propertie s Feedbacfc 

Many modem comrnmication lyxtems, such as systems employing time division nuihipto access (TDMA) and 
code dhwionmuftipie access (COMAUften employ a typo drecehrerl^ A RAKE recaver has a 

manber of recovers, or "lingffs," each of which are configured to obtain a portion of a ^ Receivers employ such 
a configuration boause. in most cornmunicatiod systems, the channel characteristo One 
10 example is whan a transmitted rignal encounters obsiarias in the path between the transff^ Becauseof 
the obstacles, tha resulting signal includes energy peab which are spread over time, tn particular, the incoming signal b 
often s^areted urto a minber of peaks or time-varied portions each of which contain importam signal inf onnatioa Each of 
the fingers of a RAKE receiver obtains the information at eacb of the peaks of the inconang signal However, the energy at 
each of the peaks may become mtseligned or smeared, thereby preventing the fingers of the rake receiver from property 
15 obtairang the signal 

To overcome the misalgnment of tha peaks in the incoming muhipath signal modem communication systems 
often employ equalizers. The equaSzer removes certem time delayed waves or signal iKirtkins. to paitindar, equabers 
detect the delayed portions of the signal and tock onto the strttfigest pertiom. Equalizers may operate by using a tranng 
sequence that b sarrt at the stan of the data eomrmfmations burst The equaizer then adjusu itssH to provide the 
20 mannM response anthe channel thereby negatng the deterior^ 

Undesirably, the one or more equalizers in a receiver of a modem communicatkm system operate continuously 
during an active communication link. The contiwous operation of the equaizer is desirable when the peaks of a miAipat^ 
signd are misalignei However, continuous operetfan of the equafizers in a mobile station when the iicoming signal is 
35 generally stable and not in need of equefization constines valuabb battery power. One emboifiment of the present 

25 iwention comprises adjustng the complexity and/or duty cyda of the equafizer based on the characteristics of the incoming 
signal to reduce power consunptkn and/or incraasa perfomunce as needed. 

Figure 4 aiustrates one erabodbnam of an equaizer configured for adaptive operation n aaordance with the 
^ prncfiles of the present invention, to particular, with regard to signai equalization, tha relevant portion of a wireleai 

rfflmmnirttm? iscttver comprises en equalizer 100 having a first input configured to receive e signal i second Input 
30 coupled to an outp« d m equafizBr contioller 410, and an output cotqiled to the donoddator 124. Tlie input of the 
equalizer controler 410 couides to the output of the signal properties svakiatkm modita 1 30, which is desciftad above in 
greater detafl. 

fa operetkm. the con^Knems austratad in Figure 4 cooperate to ren 
400. to one amboAnent, at start-up, the equaizer 400 entere a fun operation mode wherein the si;pal improving 
35 c^lities of the equafizer are fully operational After fuBy equalzing tha incoming signal the equaizer passes the signal 
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to th8 dffnoriulttor 124 for adtfitional lignal procoang. Tha output of the d&modulmor 124 passes to other recoiwr 
subsystems (see HgureU 

Other subsystems of the receiver (Figure II provide informattan regardmg the signal to the signal properties 
ev^stion modUa 13(L The signal properties evaJuaiion modula 130 processes and feeds the processed information to the 
equiiizer controBer 410. The equatinr controller 410 further evaluates the signal characteristks based oo the information 
from the signd properties evaiuaiiffi tnoduta 1 30 andl based on this evalualioa outputs control brfonnation to the eqiaizer 
40a The control WorraationdfctatBS the duty cyde and eonv*Bii^ 

The amotfrt of power used by the equate 400 depends upon the duty cycle of the equaizer 400 and the 
complexity of the equaling algorithras used in the equafiz^ 40a bi one embodiment the equafizer 400 can be completely 
disabled when the peaks in an incoming signal are readSy discemaile and tte equaEzer can be re-activated when the peaks 
become "smearei" For exampte. the equaizer 400 enters e power saving mode whm the signal properties evaktation 
modide 130 and the equafizer controller 41 0 determina that the incomiog signal no hmger requires extensive equaization. 
Conversely, the equalizer returns to fid equalization when instructed that the incoming signal requires equafization to 
maintain convnunication quafity and prevent dropped cais. bi this manner the equalizer's ovaraQ powar consumptioo is 
mirinized without sacrificing signal qu^ and comnunicstion link kitegrity. 
RAI^F Fiiwef Duty Cvde Ariiustrngm and Combiner Ateflrithnn ArfitBtmcnt 

Figure 5 ahistrvtBS a combiner in a RAKE receiyer. A CDMA receiver emptoys muttipte cornlators alio known as 
fkgea. Iha im#f*» cuiiriituis isduce a reocRBars susceptibility to multqiath components because the receiver can 
sknultaneously receive several muhipaih signris and coherently combine tham, resuttsig in a stronger signal The RAKE 
receiver abo oiaUes a mob3e station to communicste with two base statkms simultaneouslyt making soft hanikrffs 
possible and greatiy reducing the probabity of dropped call. 

Presem systems oparate every finger of the RAKE receiver at fufl precision during the entirety of each active 
communcatioo Enk. Operating each fnger of the RAKE receiver at fiA precision maintans audio quality during signal 
fading and when the signal contains nujftipatii components. However, operating every finger of the RAKE receiver and the 
combiner mfua precision when the RtcomingsQnaiB of high qualtyneadleu Thaamboifimsm 
daictibed ten dynamicaly adjusts ti» duty cyde of the fingers of the RAKE receiver and varin the complexity of the 
combiner algorithms team inwer when the signal is of high quaiity. 

As shown m Figure 5, one preferred enduxfanant comprises several corrdstors 510, each of whkh couple to a 
combiier 51 8. The output of a combner control modnb 550 couples to the combiner 516 and each of the correlatDn 510. 
The combiner control module has an faiput connected to the signal properties evaluation module 130, discuss^ in 

coiqunction with Figure 1. 

The combiner 516, vvNch receives the signab.from each of the fngera of tiie RA« 
midtqiath signds and provides an ompm to the otiier subsystems of the roceivar. 

In paf tiwiinr Mth of thfl gyTBlatnrs 510 nmvides a portion of the wcominn sinnal to the combiner 5ia bitum, 
the combiner 516 uses an algorithm to calailata parameter vahes titat nd In the combbation of each of tiie mcomiiQ 
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5 rmiltipath signals from the correlators 510. Tlwse paramttsr values raprBsant the rmpsred time sh^ 

ampfitude adjiBtmant nacessary to prcqierly combins each of the rmitipath siflrjals. The contoiar 516 processes the 
incom'RS signals ustng the parameter calculations and provides a combined signal at the output 

Advantageously, a raoivBr adopting the principles of the present invention indodes the combtnercontrrfmotMe 

10 5 55a The comltecoritrdrnodub 550 provides inpot to the conAiner 516 and aad^ 

the duty cyde of the ccrrelBtora and the manner M operation oi the comhirwr to re^ 

control module 550 evahates various characteristics of the incoming signal end, based on the evaluation, provides 
appropriate input to the comWner 518 and the correlators 510. The combinBr control moiUe 550 obtains Wormation 
*5 regarding the incoming signd from the signal properties evaluation module im In particUar. the signal properties 

1 0 evaluation module 1 30 provides infomution reganfiog the signal dynamics, the signal to noise ratio, the signal intvf arence 
levBl and the signri power level to the combiner control modide 55a Using this infomiatiorv the comboier control modUe 
550 adjustt the duty cyde of the corrriators 510 and the manner of operation of the combiner 516 to reihce power 

20 

consumption. 

With regard to the correlators 510, the combinBr control module 550 alters the Arty cyde of each correlator 
IS based on the incoming signaL For example, if the incoming signal is generalhr weak end contains a nunto of mutti^ 
componentt. then the combiner control module 550 en^s tha maximum number of correlatora 510, thereby capturing the 
weaksignaL Aheniatively.if the signd properties evahiation module 130 inifcates that the si^ 
comprises retotwely few (one or twol raultipath components, than the control module 550 latructs a number of the 
combton 510 to sospend operation. Suspending operatkin of a number of the corrdators 510 reduces the povirar 
20 consun^rtion of the receiver, vvNchBstemb battery lifa Suspendo^ 

i^iut to the conOriner 516, vvhidi consequently reduces the processinQ bur This further riduees 

the power consumption of the receiver. 

The combiner control module 550 also instructs the combiner 516 to dynamica&y change the dgorithms used for 
35 parameter estination. In particular, mobie atatkms Pa, a ceblar tetephone) may operate wlie stationary or wMe 

25 moving, such as during automobile travel For a recerver, and in particidar the combiner 518. a significant amount of 
processing (and thanfore power) is required to estimate the parameters used to calculate time shift 51Z phase shift 520 
Kid ampBtndi a^^nstment 530 of each component of the incoming signal before summing with the summer 540 each 
^ adjusted signal compoittnt. Predse calcdatkm of tfnse parameters is vital during periods when the inconvng ^ptai 

indudes significant mdtipath components, such as for eumple when the mobie station is moving or when reftecting 
30 objscu sudi as buiUmg, are interraedute the mobile station end tin base station. However, sudi complei cdcutations 
needtesly consome power during periods when tite incomiiig signd does not inchide a plwafty of SQnificam mUtipatfi 
^ componems. sudi as for erample when tiiaroobb Station is generaOystatioriary or when 

signd paA to the base station, bistead of perfomwig comptax calculations, tiie parameters used to detemine tine shift 
phase dtift end ampfitude adpistment are arrived at osmg cafcdations whh:h constme less power or by fixiig the 
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jaranatBT values tor certain agniconditioitt^ Thus, the power eoniumptien may be retkced without compromisinQ «nSo 
qualty or communication flnk stabity. 

FiQure 7 flkatratas an enhanced frBQuency estknator to provida adaptive frequBncy cstSmation (phase 
recanstniction) such as in the phawifrequency eitimatDr 128 of Rgure 1, As seen in Rflure 7. there is demodtiator 710 
5 providBd for a plot sgnal and demodutetor 712 provided for a dasred siflnaL A phase reconstruction blodt 714 providBS 
phasaestimatiDn for the desired sgni. AccordinQly, an ootpm of the phase reccnstructicm block 714 pnnrides an m^^ 
the desSred signal demodulator 712. The Incoming signal (after (fiflftal conrersion in the present « 
input to both the pSot demoddator 710 and the <bsired signal demodolator 712. The phase reconstruction moiUe 714 
recehns irtput from the ptot demodulator 710 and from the ligna! properties module 130 (see Figure U More specrficaOy, 
1 0 the signal propartiBs modite 130 provides signals to a dynamic phase reconstruction control module 716 which forms part 
of the phase reconstruction module 714. Tha dynamic phase reconstnrction control module 716 reacu to information from 
the signal propertias module 130 and from the piot danodulator 710 to dynamicaBy control the phase reconstruction 
module 714 to eccommodate changing tha signal conditions. More specificaay, the phase reconstruction modide 
opvations can be adaptiveiy controDad to change operations based on the particUar signal properties at the tine. 
1 5 As known in the art a phase rcccnstructmn scheme can be very important because a smaO error in the estimated 

fhsse can result in a large loss for the desired signal Typically, existing systems utifize the pHot signal which is 
transnitted at a higher power vwthout ful spreadrng codes so that it is much easier to demodulate. Accordingly, the 
demodulation allows detenninatioo of the phase of tija incoining signaL Because the pOot sig^^ 
transnitted together, they experience sim3ar or totical paths and imerfOBree to the receiver. During pernds of high 
30 20 signidynanics and multi-path oimpflnenti frequency estination becomes an in^ 

avod sigraficant signal losses. 

ta the present imentionrtiw frequency estimation afgorithm, precision, or active p^^ IWIiffo 

spedficaily. any one or more of the fotoiuag paranteters could be inchided in selecting two or more algorithms which can 
35 be selected based iqion the pBot demodulation informatNin or tfie pOot demodtiation togatiier witii the signal properties 

25 module information. The processing rate may be increased or decreased. Such increase or decrease may be besed on 
power jevel retiier than tracking performance. The phase reconstruction fBter 714 may actually be deactivated and 
activated nly a few to several times a second during periods of high signal strengtii vtd tow signal dynamics and fading. 
^ However, during high signal dynamics, whare the signal may have multi-path components and tiw phase b changing rapidly, 

tte f Iter may nin constantly, to adiStion or ahematively. the precision of tiie phase reconstruction ffter 714 can be 
30 moified. For instance, the precison can be changed hum 16-bit to 8-bh in one embodiment In addition or in combination 
with the othv elements, the ectual filter type cooU be changed. Hr katancai a FIR fiher, IIR fiter. sfiding window fOtar, 
or other type of fSter could be ssiected based upon tiie signal characteristics. 

Finaly, as shown b Figure 7, the signal properties modide 130 cotdd play a significant role m ti« phase 
reconstruction dedsions. Conventional designs typicaly invohfe using tfie pilot signal to datsnnine frequency estimation. 
35 The pSotb easy to (temodulate because of its high power and tack of fuB spreading c^ to spread spectnira systaros, 
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5 escb base station may hava many itesirad signals, rach with its own spraadinQ code transmitted In a articular cfirectton 

from tha base station. Typical base stations n spread spectnim systems may have three different ifiractional secdonSr 
each which can have 10 to 20 signals with spreadino codes (such as W Accordiogly. tha signal 

from the base station includes a plot pha several desired signab using severe eon^^ Typically, 
10 S Bach mobile site dernodulates tha data resulting oriyfnxn its own spisaifin^ Howaver, because there are many other 

coded sqnals m the same coSecttve agnat, the present embodiment also invohres utilizing tha other spread spectrum signab 
not intended for the particular racahrer In datemiinng tha phase reconstruction, bi other words, the demodulated desired 
signal for other usan can be used for tracking the phass, amt tha tracksig can be improved. Of course, tha adiftkmal 
demodulation requires adt&thmal powsi; however, n periods of Ngh signal dynamics, such Increase n processing may be 
1 0 required in onto to maintain a signal for the particular user in question. 

In summary, in accordance with this embodimant of the prssait invention, several different faaturas can come 
into play in impacting the phase reconstruction (frequency estimation) operatRms of the retehfer. 
pgmadulatof Having Reduced Power Co nsunmtion Desion 

In yet another embodiment, power saving features are integrated unth a receiver operating in accordance with 
15 Gl(^ System for Mob8e Communications (6SMI 

Figure 6 ilustratss a typical Global System for Mobie Communication (GSM) demodulator. Input fates carrying 
baseband I prH^) ^ ^ (quadratureiihasa) data connect to an automatic gain control module 610 and a signal leval 
8Stimator612. The output of tha signallevel estimator 61 2 connects to tha AGCmodub 61 a 

The ootput of the AGC module 610 connects to a crosMorrelator 614. Tha crosfrcorrelator's output connects 
20 to each of a matched fitter 616, a matched filtar extractor 618, and a timing recovery ^ The output of the 
matched filter extractor 618 feeds duactty nto the matched fitr 61& The output of the matched filter 616 and the 
thing recovery unit 620 both connect to a Maximum Ukatatood Sequence Estimation (MLSE) detector 622. 

The MLSE detector 622 couples to the avut of a decryption unit 624 and the output of tfie decryption unit feeds 
35 into a deleaver 626. The deleaver 626 outpuU data to a convohnional decoder 630. The convohitional decoder 630 in 

25 turn connects to a blxk decoder 631 The block decoder 632 provides output on a date outline. 

bi operation, tiia automatic gain control module 810 adjusts tha input signal level of tha baseband I and Q data 
Qiereinafter signal) for optimal perfonnanca during tha subsequent demodulation operations as wel understood in the art 
^ Tha inconing signal also enters a signal levei estimator 612 that estimates tha pow^ level of the incoming signal 

Estimating the signal power level serves two purposes; first, a GSM commtrication system adapts its perfonnanca based 
30 mi the strengtfidtftt received signal at each of the mobile statkms; and second, tha r^ 

signal for subsequent demodulation processes. Accordingly, the modulator provides tha output of tha si^bvefestmiator 
612 to tha AGC module 610 so that the gaki of signal may be aifusted appropriately. 

TYie cross-correlator 614 compares the received dau to a known trainmg sequence or a training sequence 
included mid-saaiila in the rsceivBd data burst The crosKonelator bcates the beginning of each burst of data using the 
35 known 26 symbols located at the center of each burst As known in the ert bursts are sent in a generally .5 millisecond 
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5 timafranw followed by 4.5 millisecond pause. The aosworretetor, having located or correbtBd to 

able to locate the begmng of the data transmbsos. 

Next, the stgnai undergoes fftering end tining recovery. The notched fitar extractor 618 modeli en ideal 
matched filter to reverae the effects cf the transniito diannel and any inter iyn^ 
iO 5 sh8p& The tkning recovery unit 620 deterrainBS the proper tinang of the in^ 

which in tum aBows the recehrei to correctly separate and damodulate the indviAal symbols. 

The next phase of the demodulation process comprises MLSE detection. The MLSE detector 622 performs a 
sopKsticatBd detection algoritim that dedares each iBceivBd syrnb^ 
15 of each btnary decision. As known in the art the ataorithms of the MLSE detector 622 employ a dynamic programming 

10 model to sferndtanaously demodutete an entire half^wrst (typically 58 Kts) of data. Wh3e certain advantages exist in 
performing demodulation over the half-burst instead on a symboMnf'syn**** half-burst demoiUation consumes a 
significant amount of power during operatbn. 

After MLSE detectioa the signal enters a decryption unit 624 to reverse the antwavesdropping measures 
undertaken by the transmittBr. Next the signal soteri the deleaver 626, wherein the transmitted biu are dispersed over 
15 severel time division muhipte acceu (TDMA) bursts to provide robustness in the presence of fadng. The deleaver 628 
rearranges the received brts into messege Mocks brto the eriginri order existing 

The output of the deleaver 626 progresses to the input of the convohrtional decocter 63a The convokitional 
decoder 630 performs convokitkmal decoding on the received data. Convokitional coding and decoding provides means to 
detect end ccTOCt data errors introduced during transmission, h particular, convohrtional coding adds codng to the date 
20 so thai the convokitional decoder may accurately reconstruct the transmitted data, even if sorne^ 

corrupted during transmissiorL 

After amvohftionat decoding, the signal enters the bkick decoder 632 to u^ Block 
coding provides redundancy, typically parity bits. These parity bits are typicaHy often transmitted at the wd of a sequence 
35 of date bits so that upon receipt by the receiver, the fakick decoder 632 may parf oim reverse bkick coding to determine if 

25 errera exist n the data stream. After undergong block decoding, the signal exits the bkwk decoder 832 for further 
processing in other parts of the receiver, such as a vocoder (not shown^ 

bi one e mb o di ne n t of the present invention, the receiyer comprises a dqital signal processor (DSP) coded 
40 implementatkin of a GSM recaver. The kiventors recognizB that the most complex end power consuming oparatkm is 

typically the MLSE detectkinelgorithm of the MLSE detector 622. For example, in some DSP based imptementetkmi the 
30 MLSEdeteclionnayconvriseuptoSOSdthaconvtBxitynrelatnntotmalK^ Wh3e the edvantages of 

the MLSE detector are worthy of iu power needs during periods of poor signal quality, the WHSl detector needlessly 
^ consumes power when the signal is robust 

Another very complex and power consuming compmem is the cross«melator 614 beceusa it operates over a 
broad range of delays to correctly kicate the canter of the data tent Cross^orrelation fai DSP based imptementatkins may 
35 comprise up to 30% of the total DSP operationL 
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5 tn one embodment a BSM mam is configmed to ebninatB a subitamia) portion of the computational 

laniremems of the recewer by monitory 

basis, h such an Biti»«&n8m. the fBwvar wodd also bcl^ The cn»s<ofrBlator 

xomroSff B16 connBCtt to the cross-eoriBlaior and the timing recovery unit The crost-conelator controler B16 obtains 
10 5 data from the tiifflio recovery unit 620 and depending on the tte^ 

cross^onelator accordmaly. hi particular, if the incoming signal does not demonstrate rapid movement from hurst earner 
then the cross-correlator controller 616 instnatt the cmss correlator 614 to operate over a more narrow range of ddayt. 
For exanple. in rainna! operation the cross<orrelator 614 may operate over Under ideal situations, such 

8S when tin bunt center is generally staWa, perfonning eross correlaticn over ± 2 symbols may be adequate, to shoa 
when assuwng the data transnissinn to be generally stable, the cross-coireiator can anticipate fittie change in burst center 
and reduce computation^ complexity such as, for example, evahiating fewer symbols. Reducing the compntational 
complexity and duration of the cross-correlator 614 reduces the powor consumption of tf» receivef which, in turn, extends 
battery life. If the timing recovery unit 820 detecU rapid movement from burst center, then the crosswelator controler 
616 instructs the cross<DTTelator 614 to restme operetion over a broadw range of delays, bi this fashion, the crosa- 
correlator conlrollar 616 agists the operation of the cros^correiator 614 to save power during periods when the signal is 
stable without degrading signal quality. 

bi another emboifimeot, the receiver inchidas a MLSE controte 621 connected to the MLSE detector 622, the 
matched filter 617, and the output of ti« signal level estimator 612. The MISE controler recehres input from the matched 
fiter 616 and the signal level estimator 612. The MLSE controler 621 monitora both the signal levri of an incoRsng 
30 20 transmiaafln and the response to the matched fiter 617. If the incoming si^ 

filter 617 indfcates that the signal is arriving over a generally clear channel then the receiver suspends operation of tijo 
complicated MLSE detector B2Z and instead implemems a simple bit^iy-bit Minimum Shift Keying (MSK) demodUator. 
MSK demodidators are loiown by those of stall in the art and require a triw^ 
35 battery povtfBr,m relation to the MLSE rigoritisnsrf the MLSE detector 622 due to th^ 

25 instead of tiie typical 56 bit delay of the MLSE detector 622. 

A receiver edopting MSK demodulation over MLSE atgorttims consumes less power than a receiver ut9izinQ only 
MLSE detection algorithms. Thut if the signal is robust the power imenshre MLSE detector operetion may be raspended 
^ end rqdacad wtti bit-by^ttMSK demodJation. Altamatively, if the signal changes causing the response to the matched 

filter 617 to i»t resemble 8 impulse and if tfw signal level decrrases, then the MLSE controller 621 suspends operation of 
30 the bh by-bif MSK demodulator and resumes operation of the MLSE algoritJins. In this fashioa the MLSE controller 621 
reduces power coBsunptiond the receiver vrithout sacrificing audtoqu^ As cxplamed in ti» onboiment above, the 
signal level estknator and the match fiter ere used to daternine the signrf Other quafity measwemants such as 
amoiMtic gata control could be used to indlcBtB ti»e receiver elgorithm wlB^ 
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Ahhomh the itmwn^ tteriptioo of the prefBTTBd embodmEm of the present iwemion has shown, ifascnbed 
end iMimBd om the fuiuJaronti nowl featuw of the 
end changes In fonn of the detal the ipparitui as ilurtritBd es weB Bs to 

in the an wfthomdepartni from the spirt fron the presertinvcnti Consequaitly, the scope of the hvertkm should not 
5 bafcnhed to the foregoinsdisattsiork hot shmiM be defined by the appmded 
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WHATISCMUMEPI5: 

1. A power utilization control system for a wlraiess commurwalion date compriiing; 

a sSgrKri propertiBS evatustion moitUle, said module opantivi to svaluete the characteristics of a 
received signal said module confiprad to provide an imEcation of said charact 

at least one raceiyer component for said wireless commincation device, sad receiver component 
having at least two modes of operatioiv said receivar component responsive to said signal properties evaluation 
modula to operate in at least one of said at least two modes of opvatioa based opon the said characteristics. 

2. The power utTzstion control system of Claim 1. whareii s^nal ^oparttss evakiation moikda a 
implemented using a digital signal processor. 

3. The power utilization control system of Claim 1, wherain sad sigial properties evafaiation modula is 
configured to evaluate any of signal dynamics, signal rana levels, or signal strength. 

4. The power utiization control system of Claim 1, wherein said vinreless coniminications recafver 
operates in accordance with code dviston multiple access. 

5. The power utiTization control system of Claim \, wherein said at least one recehrer componem 
comprises at least one analog to digital converter configwed to ecnvert said recehred signal in an analog fonnat to a 
receivel signal in a ifigttal format wherein said first mode comprises operatioo at a first precisian and s«d second mode 
comprtsas operation at a second precision said power utIBzation control system further comprising: 

an analog to ifigital converter comrol module responsive to said signal properties evaluation module to 
sOact the pracision of said at least on analog to dighal converter based upon said hdication of signal 
charactsristics. 

BL The power utiEzatiai cootral system of Claim 5, wherein said analog to digital converter control 
module is configured to select a lower bit precision for said at least one analog to (figital converter when the sqnal is of 
generally high quality. 

7. The power utization control system of Claim t, wherein said at least ona receiver component further 
comprises a phnftY of despread modules, said despraad modules responsive to said indication of said charactaristics from 
said signal properties evaluatbn modula to aifust operation based upon said indication of signal characteristics. 

8. The power utiEzation control system of Claim 1, wheren said at least one receiver component 
comprises a tinn^ estetor, said timing estimator responsive to said inification of said characteristics from said signal 
properttes evahiation nHuhd e to alter timing estimatbn opmtion based iipon said ndication of signal characteristics. 

9. The power utSzation control system of Claim 8, wrtierein said at least one rtteiver componem further 
comprises a pluraGty of despread modules, said despread moihdei responsive to said luHcation of said characteristics frtni 
said SQmri prapertss evaluation module to aifust operatiDn based upon said biication of signal characteristics. 

10. The power utiization control system of Clam 9. wherein said ctespread modutas respond to said 
bnlication d said signal characteristics via a contnd unit to adapt one or men d tha oparatim 

reqxHisa to said imficationd signal characteristics. 
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5 11. Ihi power otization contnil syftam of Claim 8, wherein said tninfl estinator respaids to said 

Ivfication of said signal characteristics via a timing control writ to modify one or more of the thring estimator type, 

operation duty cydOr and bandwidth. 

^Z The power utization control system of Claim 8, wheran said linring estimator comprises a delay^iock- 

10 5 bop. 

11 The power utaration control system of Ciasn 1, wherein said at least one recerrBr component 
comprises at least one equaTizBr. sad at least one equafeer lesponsivo to said indication of signal characteristics from said 
sign^ prapertias ewhiatam nxxUa to change its operation based upon said indication of signal chwaciwistics. 
15 The power otHizBtion control system of Claim 13. wherein said equ^^ 

10 cyde or complexity of operation based upoi said imfication of signal quality. 

15. Tha power utaiiation control system of CWra 1, wherein said at least one receiver component 
comprises at leest one correlator, said ecrrelBtor responsive to said Indication of signal characteristics to operate in etther 

said first or said second mode. 

IB. The power utilization control systam of Claim 15, wherein said first mode comprises operetion at a 
1 5 first precision and said second mode comprises operation at a second precision, 

17. The power utifeation control system of Claim 18. wherein said first 
a first duty cycb for said correlator md said second mode of operation comprisas a second duty cyde for said at bast one 
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18. Tte power utffization ccmrol modJa of Ctem 1, wheran sahl signai properties evahiation modide 
20 provides said indfeation of said characteristics via a control modtde. 

18. Tha powar utiSation control system of Claim 18, wheran said at least one receiver component 
comprises a plurality of correlatoa said control module suspending operation of one or mora of said plurality of correlators 
diffing periods whan the signal is of restively good quefty. 
35 20. The power utSzation control system of Claim 1, wharein said at least one receiver componait 

25 con^jrises a signal combiner, said signal combiner responsive to said imfication of signal diaracieristics from said signal 
properties evahiation modulB to aher operation of said combiner based upon 

21. The power utifaation control system of Claim 20, wherein said at least two modes comprise a first 
40 mode wherein said conbta operates in accordance whh a first processmg algorithm and a second mode wherrai said 

signal combiner operates in accordance wHh a second algorithm. 
3Q 21 Tha power utifization control system of Claim 21. wherein said firat algoritisn comprises a more 

complex algoritfim than said second algoritivn. 
^ 23. The power utiiiation control system of Clam 1, wherein said at bast one receiver componem 

coR^ a frequency esimation modtde; wheran saW at bast two modes comprise at bast first and second modes 
setoted in response to said bification of said signal diaracteristics from said signal properties evaluation modde. 



50 



•21. 



55 



wo 00/19644 



PCTAJS99/22080 



24. The power utifitttion control system of Claim 2^^ 

two rigoTithro, said at (east two algorithms havng a tBffercoca in one or more of the processinB (mdsioa fite type. 

processing rate, or duty cydo. 

25. The power utilization contrdsyston of Claim 23, wherein said fre^ 

to a demoduiatBd pilot ^gnal and to deraodulatfid dsnrad signab from users othar than the intended receiver. 

26. A method of reducino power consunption in a wiraless communicition receiver having a phn&ty of 
recehfer components comprisii^ 

receiving a signat 

monitarino the characteristics of the incoming signal; 
evatuating the characteristics of the incoming signal; and 

altermg the operation of at least one of said receiver components based upon the evaluated quality of 
the incoming signal 

27. The method of reducmg power consumption of Claim 26, wherein said et least one of said receiver 
con^onents comprises an analog to (figital converter. 

28. The method of Claim 27, wherein ahering the operation of said analog to lEgital converter comprises 
altering the precmon of the analog to tSgital converter. 

29. The method of Claro 28, wherein altering the precision of the analog to digital converter comprises 
altering the precision between 5 bits end 2 or 3 bits. 

30. The method of Claan 27. wherein montoring the characteristics of the incaming sv»l con^nses 
nwdtoring any of sipial dynamics, signal noise, signal level hit ero 

31. The mathod of Clatm 30, wherein said method b implamented in a communkation receiver operating in 
accordance with code division midtipte eocass. 

31 The method of Claim 27, wherein evah»ting the quality of said incoming signal comprises determining 
the proper precision setting for sad one or more analog to digital converters. 

31 The method of Clam 26, wherein said step of tftering the operetion of at least one of said receiver 
components comprises acjustino the operation of signal timing estimator. 

The method of CWra 33, wherain said signal timing estimator comprises at least one delay lock loop. 

35. The method of Clakn 33, wherein said step of aiiusting operation comprises reducing the duty cyde of 
seid timing estirastor. 

38. The method of Claim 35, wherein said step of momtoring the signal comprises monitoring any of signal 
dynamics, sgnal notsa^ and signal level 

37. The method of Cteen 33, wheraiB step of aifusting operation comprises a(f usting the filter properties 
of a tvning estimator. 

36. The method of Claim 28r wharon said step of evahiating comprises evaluating the (fifference between 
the output of two correlators. 
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39. The method of CJfflm2B,wherB«j said neprfttei^ it bait ens of «id recwer 
components comprise eftemo the operation of en equafizer for an incon^ signal, said method further ccmprisiio the 
steps of evaiuatino Womrntkm reganfina the eharacteratics of an rooming signafe and modifying the comptadty of 
y ^mSy pf iiignrithmi fnr laid eqiflfgflr based oacn said evahiaticn. 

5 4a Themethodof Claim 2a wherein said step of altering the operatic 

components comprises altering the operation of at least one cofietator based upon the evaluation of the tominQ signal 

41. The method of Claim 40, wherein said step of ahcing the operation of at bast one eortetatof 
comprises modifying the symbol freipjency of operation of the conelatnr. 
15 42. The method of Cbbn 26, whereh said stq» of ahering the operation of at bast one of said receiver 

10 cornponwrts comprises ahering the operation da signal combiner ta 
incoming signal 

43. The method of Cbun 42. wherein said step of altering the operation of a signal combiner comprises 
selectmg one of at least two algorittms operaUe with the said comfaioff. 

44. The method of Clam 26. wherein said step of ahering the operation of at least one of said receiver 
1 5 components comprises altering tt» operation of a frequency estmator in response to said step of evaluating the quaity of 

the incoming signal 

45. The method of Cldm 44, wherein said step of altering the operation of a frequency estimator 
comprises selecting an algorithm fram at least two algorithms opereble for said fr^^ 

4fi. The method of Claim 44, wherein seid step of ahering the operation of said frequency estimator 
3^ 20 comprises selecting a precision for said frequency estimator. 

47. The method of Oaim 44, wheron said step of altering the operotion of a frequency estimator 
comprises contralSng ective periods for said frequency estimator. 

48. An adaptive signal synchrontzatioi apparatts for a wirebss receive comprising: 
35 a timing esliiutor; 

25 a signal properties evaluation roodute resporwve to signal characteristics to evahiate an incomiig 

signatand 

a tining controller responsive to said signai properties evakietioa modub to control tiie operation of 

^ said tsiing otmtor. 

40. The adaptive signil synchrorirafion apparatns of Claim 48, wheion said timing estimator includes at 

30 bast ona delay tock loop. 

50. The adaptive signal synchreiration apparatus of CWm 48, wherein said timbg 

to adapt the percentage of time that said tining estimator operates, 

51. The BdfljtivesigndsynchrorEation apparatns of Cbm 48, virtierei^ 
to contrri tap spacing of said innng estenator. 
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5 52. Tha adaptiw sional lynchfDnizition apparatus of Qaim 48. wbsrem one or mora of laid timing 

wtinator, said iWng wntroler arri Mid watotira 

51 J\A adaptiva stgnd lyndionization apparatus of Claini 48, further comprisina a pkjrafity of despread 

mwWas, saM desprad modutes raspcnsivi to an Wic^ 
10 5 nmdtfa to atfun operation of daspraad modules. 

54. AnadaptivoMiuafzersystBmforawiretorecefvarconipri^ 

an equafizer operable n m bast two modes to perform equafaation on an incoi^ 

a signd properties evaluation moiUe responsiva to sisnal characteristics to ovahiate an incoming 

signat and 

1 0 an equalizar controier responsfve to said signa) properties evaluation modtde to select between said at 

least first and second modes. 

55. The adapthra equate system of Claim 54, wherein said equafizer controfler is embod ed in a digital 
signal processor. 

58. The edaptive equafizer system of Claim 54, wherein said signal propenies evaluation module is 

1 5 embodied in a digital signal processor. 

57. The edaptive equato system of Paim 54, wherein said signal properties evaluatiM 

phv^ of characteristics of an incondng s^nal and responds to such characteristics to develop equafizer operating 
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5a Tin adapthreequafior system of Claim 54, wherein said at least first aiul sew 
20 comprise e fint mode in wKch said equalizer operates in accordance with a first ataorithm and a second mode wherein said 
equafizer operates in accordance with e sacond algorithm which is dffl erent from said first algorithro. 

59. The adaptive equalzar system of Claim 54, wherein satd receiver comprises a wireless communication 
receiver In a wireless commurecatiQn system. 

60. The adaptive equafizer system of Dakn 54, wherein said equalizer is configured to compensate for time 
25 delays introduced in a signal transmitted over a wireless mediim. 

61. A method for adaptive operation of an equafizer in a receiver comprising: 
receiving, equafizing and demodidating an incoming signal; 

40 evahtating the quafity of the incoming signal; and 

adapting the operation of an equalizer based on said step of evafatating. 
30 62. The method of Clam 61, wherein said adapting the operation of an equalizer comprises shutting off 

s«d equafizer vvhen said evaluating inificetes the signal is of ganmBy hi^ 
^ 61 The method of Claim 81, wherein said adapting the operation of an equafizer compiiM 

ooiquitational complexity of s»d equafizer when said evaluating indttates the inconong signal is of generaBy b^h quality. 
64w The method of Claim 61, wherein eveluatingcomprisBS evaluating any ds^ 
35 signal level, bit error rate, or frame error rate. 
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65. The method of Oafii 64, wherein evaluating ccmprise* detennming the rate of change over time of one 
or more of the ligral dynam, signal nosa signal level bit error rate or frame enor rate. 

66. An adaptive combiner for a retaivsr cuiiitioing: 

Bt teast two conelatora configured to receive an mcoming tional: 
a combiner coupled to said at lust two corretaton; 

a signd properties evaluation modula responsive to characteristics of a receivod signal to provide an 
ImficstiQn of tha properties of an incoming signafe and 

a combiner control module coupled to said camtmar and responsive to said indcation of ngnal 
daracteristka from said s«nal properties evahBtionfnodi* to alter operation of said combiner based upon said 
ind»atian of said signal characteristict. 

67. The apparatus of Claim 66, whwein said comtew control modute is further coupled to at least one of 
end 8t least two combiners, said combiner control modiie configured to provide a control signal to et least one of said at 
least two combiners to attsr the operation of at least one of sad at leest two comfamars. 

66. The apparatus of Cten 67. wherein at least one of said correlalor, said combirer, said signal 
properties evaluation module and said combiner control module is embodied using a ifigital signal processor. 

66. The apparatus of Claim 67, wherein ssid combiner comprises part of • wireless communication 

receiver. 

70. A method of edaptive control in e receive comprising: 
receiving an incoming raifio signaf; 

coirdataig at least inrtions of the incomng signal 

combirang said portions of the incoming signal 

evaluating the quality of the incoming signal; and 

controffing said condiining step based on the (piafity of the ncoming sjgnaL 

71 . The mathod of Claim 70. wherein said step of combining may proceed in accordance with a first or a 
second mode of operation, said rest and second moda operating B acconlance witii di^ 

step, ssM controBing comprises changing said mode. 

71 The metiwd of Claim 70, wherein said algoritfins differ mtiiemonner of para^ 

seid step of combining. 

73. The method of Claim 7Q, wherein said evaluating comprises evaluating one or more of tha signal 
dynamics, signal ndsei, signal level, bit error ratio, and frame emir ratio. 

74. A method for reducing power consumption in a receiver operating in accordance with the principles of 
Qobd System for Mobie Communications comprising: 

receiving a raifia signet; 

evakiating signal dynanscs of sad raifio SQnal; ami 

ahetiig a range of delays in a correlator based on said «gnal dynamics. 
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75. The method dCIain 74, wherein wid step of Bwhi^ 

of sional tinuDQ chense over tene. 

7B. The method of Cteh» 75. wherein said step of alteriiig e range of delays comprises reducing the m(|8 
of delsys when saki signal b detamined to be generaly stabis based on said signal dy^^ 

77. The method of Claim 76, wherein geneMQystaWocompriies a low rate dcb^ 

7a The method of Oairn 77, whereto i generally stable signal comprises a signal wherein the agnal itoes 
not demonstrate rapid tinsng drift from bust center. 

78. The method of Claire 77, wherein reducino the range of deliys comprises pwfanning cross correlatian 
every ±2 data symbols. 

80. The method of Cbtm 74, wherein said step of evaluating comprises moniloring the center of a bunt 
from burst to burst In the received raifio signal 

81. The method of Claim 74, whoein said step of aftering a range of delays comprbes incraasing tha range 
of delays and said signal dynamics indicate that sad radio signal b generally unstable based on high signal dynamics. 

81 An ad^ith/e correlator for a comm unica ti ons receiver configured to receive an incoming signal 
compnsmgt 

a corielatton unit configured to compare said incomino signal to a Imown ti^ 

a timing recovery unit connected to said correlatisn unit said timing recovery unit configured to 

evahtate the tMng of said incoming sigrat 

e correletar controBer connected to both of said timing recovery unit and said correlation unit, said 

carretetiao caitiolter configured to edept tiie operation of said correlation unit based on said evafaiation by said 

tiling recovery uniL 

81 The adaptive correlator of Claim 82, wherein said correlator comndler b confignred to adapt tha 
operation of said correlation unit to reduce tiie number of symbob over which ttie correlBtion unit operates. 

84. The adaptive correlator of Claim 62, wherein said timing recovery unit b configured to determine the 
change in timing of said incoming signal over time. 

85. The adaptin correlator of Claim 8Z wherein said correlator uit b configured to perfonn a cross- 
conelation between the received signal and a known training sequence. 

8a Tte adaptive conalator of Clasn 82. wherein saU communications recehrer operates n accordance 
witti tire principles of a Btehal System For Mohib Conan un i catiflns . 

87. AnMhoddadaptivecontrdinareceivefUtizingMLSEalgorittmiscomprbiny 

* * - ■ « 
leceivng signer 

monitoring the tevel of said signal; 

monitoring the response of said incaming signal to a fiter;and 

sospendmgqierationofsaidMLSE etgorithms when said signal Isvdb high and said response to said 
fater irvlicates a genarely cbar channeL 



•28- 



WO0(V]9644 



PCTAJS99/22080 



88. TbatnethDddCtahi 87, wherein a high signal iBvelco^^ 

maxnun 

69. The msthoddCbtm 87, wherein monhorins the level con^ 
estimator. 

Sa Tha mathod of Clarn 67, wherein monitoriRO tha response comprises momtorino the rBsponsa of said 

tncoming signat to a matched fiter. 

91. Tha rnethod of Claim 67, wherein a gensniBy dear chaitnelcon^rises a rasp^ 

fBsemfafing a bnpite 

92. Tha method of Claim 87, wherein suspending said MLSE atoarithro comprises repladng said MLSE 
algorithm with a MSK demodulator. 

93. The method of Ctatm 92, wherem said MSK itemoddator comprises a hit-by-fait MSX demodulator. 

94. An adaptive MLSE detector comprising: 

a signat level estimBtor responsive to an incoming signal to determine the signal level of said incoming 

signaf; 

a fSter configved to filter said incoming signafc 

a MLSE detector configured to obtain input from said fiher, said MLSE detector configured to compute 
sgnal pndtatHfity; Bid 

a MLSE controller coupled to sad signal level estimator, said filter and said MLSE detector, said MLSE 
comroBer configured to evaluate output from said signal level estimator and said filter end, based oo said 
evaluation, contral tha operation of said MLSE detector. 

95. The adaptivo detKtor of Paim 94, whvein said fHa comprises a matched fSter. 

96. The adaptive detector of Claim 94, wherein said MLSE controU^ b configured to suspend operation of 
said MLSE algorithms when said signal level estimator mificatss said signal is generaSy high and s«d response to said 
signal Is generelly an impidse. 

B7. The adaptive detector of Clvm 96. whereii said MLSE contnDer is configured such that when said 
MLSE algoritNns are suspended, said MSK damodilation occm. 

88. The adaptive detector of Clam 94, wherein control of tiie operation comprises reducing the power 
consumption. 



.27- 



PCT/US99fl2080 




WO00n9644 



PCTAJS99/22080 




wo 00/19644 



PCT/US99/M080 




wo 00/19644 



PCT/US99/22080 



4/7 




o 
t/) 



wo 00/19644 



PCT/US99/22080 




5/7 



r 











CO 










^^ 


< 




<l 




<1 





wo 00/19644 



PCT/US99/22080 



6/7 











TIMI 
ECO 


UN 


0£ 








a: 


GNAL 
EVEL 


IMATO 




ST 




UJ 



VI 







^ UJ 




o o 


«J o 


CD 


UJ 




o 








wo 0(^19644 



PCr/US99/22080 



7/7 



i5 





INTERNATIONAL SEARCH REPORT 



tm^mtfiofwl AppOeailon No 

. -T/US 99/22080 



A. CLASSinCATlON OF SXJaJECT MATTER ^ 

IPC 7 H04B17/00 H04B1/707 



AccofOmq lo tnf mationH Patart ClaM#cat»on {tPQ or to botfi nateftH dasstfleatian and IPC 



B. FfELOS SEARCHED 



Mirvnun dDCwnarution sufCfwd (ctttaWcation sysMm tolo«r«d by clasamcation syirboia) 

IPC 7 H04B 



OocunwmattonMarcnadothar than minmjmdocumantaiton to thaaxtart that aucn mthaNaldataarcnod 



Elacnerac dsu baaa conautad auring ina imamattonai aaarcti cnam* of data baa* and. twtwr* pmetteal aawcft tanna uaad) 



C. DOCUMENTS CONSIOEREO TO BE RELEVANT 



Cat«9ory 



CUtion ol aocumm, w4h tn^tion. whar* appropriata. at tha raiavant paaaagta 



RaiavamoeUfnNo. 



UO 92 13392 A (ERICSSON GE MOBILE 
CONMUNICAT) 6 August 1992 (1992-08-06) 
abstract 

page 2, line 23 -column 3, line 10 

EP 0 639 901 A (HITACHI LTD ;HITACHI 
MICROCOMPUTER SYST (JP)) 
22 February 1995 (1995-02-22) 
abstract; figures 6,7,10 
column 13, line 57 -column 14. line 52 
column 17. line 11 - line 42 
claims 14,15.17-19 



1-3,26 



1-3,26 



m 



Ptfthar documanfi art Sttad in tna oonttnu«t«n of box C. 



ID 



Paiant tamilr mmbtn am istad in annax 



SpacaaJ cotagohaa of eftad documarta : 

'A' docunamdafimng ihagafwralaiaiaof ifta an which i» not 

eoratfaiad to ba of pMioular fa to %tanBa 
"E' aaniar oocumart oapubtihadenoraiiartna rVamattortai 
MnpdUt 

"L* Socman which tnay nvow ^odt/tt on prtortly dakiya) or 
which it otad to aatiMlBh the ptdlcason datt of anothar 
otatton or othar apacial raaaoniaa ^»acitiad) 
"O* docuniani raf amng to an oral dhKtoam. iiaai ashfeitionGr 
ctharmaana 

^* docwfiant ptAiiahad pnor to tha Msmalionat IShq <isia but 
Utar than tha pitorty data dalmad 



laiar documant pubUahadaftar tha intafnctional fHhQ data 
orphorttydataandnoinooMet wim tha eppBcation but 
ctad totmar«tandlhaf)rfnct)laorthaory undany ing tha 



yr doeumanlofparltetjlar raltvancvithactilniad mvartton 
eannoibaoonadarad naval or cannot baoonaidarad t9 
iMbiva an ifivanttva «iap whan tha doeuBiani ia takan atona 

nr documanlorpartietiarr«lavanc*;thactalmad hwantion 
cannot ba conaldaiad to invotwa an ofvantcva aiap whan tha 
doeumanltaooiTMnadiHthonaor moraolhar auchdocu- 
fflar«a, auch eombktatten baing obvtaua to a panonaMlad 
hthaaiL 

docunant nanibar of tha aama patont fanttfy 



Ottaof thaaouaicomptatlonorthaatamattoftai saaich 



19 January 2000 



Oato of matiiQ of tha Mamattonai aaarch npcrt 

27 Oanuary 2000 (27.0KOO) 



Nama and maUng addrasa of tha ISA 

Europaan Patent omea. pa Sfl 18 Patarttaan^ 
NL-2280HVR|nv(jfi 
Tat. («31-7D) 34O-204C. Tx. 31 651 apo rL 
Fax: |«31 -70) 340-3016 



Food PCT/SAOiotHcanatfwat)U4y 1892) 



Autttoftcad ofOoar 



6 Donnabhaln, E 



page 1 of 2 



INTERNATIONAL SEARCH REPORT 



tntwnttlontt AppUcstlon No 

. .r/US 99/22080 



C^anttnuttkMi) OOCUMfiNTS CONSCCReO TO BE RELEVANT 



Catogofy - Guuitti of docimnc mm indicMioawtwn «ppropnat«. ol tht rviMtnt posagM 



R«itv«nt to ctolm no. 



PATENT ABSTRACTS OF JAPAN 

vol. 1996, no. 07, 

31 July 1996 (1996-07-31) 

& JP 08 065205 A (flATSUSHITA ELECTRIC 

CO LTD), 8 March 1996 (1996-03-08) 

abstract 



1-4,26 



INO 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 

tntormMioR on pjtart famtty membera 



PCT/US 99/22080 



Patent documeot 


Pubscatton 




Patent famity 


Put>lcation 


citad in search report 


date 




member(e) 


data 


WO 9213392 A 


06-08-1992 


US 


5179724 A 


12-01-1993 






DE 


4290129 T 


18-02-1993 






GB 


2257337 A.B 


06-01-1993 






SE 


9202639 A 


05-11-1992 



EP 0639901 A 22-02-1995 OP 7111484 A 25-04-1995 

US 5689814 A 18-11-1997 



JP 08065205 A 08-03-1996 NONE 



Fbm PCnSAttiO (psM tarty vfwiO Uir I MO) 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the apphcant: 

Defects in the images include but are not limited to the items checked: 

.ACK BORDERS 
□^MAGE CUT OFF AT TOP, BOTTOM OR SIDES 
□^FADED TEXT OR DRAWING 
^/^fBLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

P^LOR OR BLACK AND WHITE PHOTOGRAPHS 
J^'gRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

i2^REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: ' 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox, 



